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A B S T R A C T 
Keeping in view the nuisance to human beings and 
also medical problems in some ways, the common Indian bed-
bug Cimex hemipterus Fabr. was selected to observe its life~ 
history and reproductive potential under different 
temperature and humidity as well as starved conditions in 
order to understand fully about its biology. Further, 
comparative observations were made on the efficacy of 
different insecticides belonging to various groups such as 
chlorinated hydrocarbons (DDT and r BHC), Organophosphates 
(malathion and DDVP) and carbamates (Sevin and propoxur). 
The effect of DDT on the biology and the latent toxicity of 
certain insecticides (F BHC and malathion) in these bed-
bugs were also studied. Further, investigations were made 
on the effectiveness of certain chemosterilants (apholate 
and metepa) in order to resolve most effective control of 
these bugs. 
The bed-bugs were reared in the laboratory at 28 ± 
1°C and 70 ± 5% relative humidity. The adults were 
allowed to feed every 3rd day on the shaved abdomen of 
rabbit while the nymphs were fed on alternate days. 
The effect of starvation and frequency of feeding 
was recorded on the survival and oviposition of these bed-
bugs. It was found that the 4th and 5th instar nymphs were 
found to be most tolerant to starvation. They lived for 
53.6 ± 1.36 and 50.2 ± 1.73 days respectively. While 
adults could tolerate starvation up to 34.0 ± 0.74 (male) 
and 24.5 ± 1.52 (female) days. 
In another experiment, the bed-bugs were provided 
blood meals at different intervals and observations were 
recorded on their bionomics. It was observed that the bugs 
did not oviposit without getting a blood meal. The pre-
oviposition period was found to be directly proportional to 
the interval of feeding i.e. when the interval of blood 
meal was increased the pre-oviposition period also enhanced. 
Both oviposition and post-oviposition periods decreased 
when the feeding interval was prolonged. Similarly, 
frequency of feeding also affected fecundity and longevity 
of the males and the females. 
To study the influence of temperature and humidity 
on the biological characteristics of C.hemipterus 
observations were made at 20°C, 28®C and 36''C with varying 
humidity i.e. 10%, 40%, 70% and 95% r.h. 
The pre-oviposition period was increased at lower 
temperature whereas oviposition and post-oviposition 
periods were shortened. Longevity of the males and the 
females greatly retarded at low and high temperature with 
10% relative humidity. The bed - bugs could not survive at 
36°C with 10% r.h. Both egg laying and hatching of the eggs 
were also severely affected at high {36®C) or low 
temperature (20°C) with low humidity (40% r.h.). Eggs 
could not hatch at 10% r.h. irrespective of the temperature. 
Duration of nymphal instars was also increased at low 
temperature (20®C) and decreased at the maximum 
temperature of 36''C. 
It was found that these bugs were attracted mostly 
to black colour. Red, blue, green, yellow and white came 
next in order of preference. However, at higher temperature 
(36®C) the preference to dark colours decreased whereas, at 
low temperature ( 20"'C) more bed bugs were attracted to dark 
colours. 
Besides the behaviour of the bed-bugs under 
different ecological conditions of the environment, the 
reaction of the bugs towards certain insecticides of 
different groups was also studied. For this purpose the 
bugs were exposed to different concentrations of DDT, BHC, 
malathion, DDVP, Sevin and propoxur (all technical grade) 
and susceptibility levels of the bed-bugs to these 
insecticides were established. BHC, DDVP and propoxur were 
most effective and 100% mortality was recorded when these 
insecticides were given at a concentration of 0.25%. At the 
same concentration, malathion gave 65% and Sevin 51% 
mortality. DDT was found to be least effective and yielded 
only 5% mortality at 0.25% concentration. 
Biotic potential of the bed-bugs was also 
determined in an insecticide free environment and also under 
DDT-pressure. For this purpose only those concentrations of 
DDT were selected which were able to produce 20% 50% and 80% 
mortality. The survivors were used for further study. Pre-
oviposition and post-oviposit ion periods did not change 
significantly in treated group. Oviposition period was 
reduced in treated groups and the reduction was more 
significant in LC3Q group. The longevity of the male and 
the female was also reduced as a result of DDT-pressure. 
The fecundity of the females was found to be increased in 
the bed-bugs treated with LC20 and LC^q doses of DDT. The 
number of eggs, however, decreased when the DDT was given at 
LCqq concentration. The percentage of hatching of the eggs 
was not affected by the application of DDT. The duration of 
the nymphal instars was also not significantly changed in 
DDT-strains as compared to normmal. 
The latent toxicity of r BHC and malathion was 
also investigated in Cimex hemipterus. The 3rd instar 
nymphs were treated with Lc^q doses of r BHC and malathion. 
The mortality counts were made after 24 hours of treatment. 
The survivors were bred to obtain the adults. The adults 
from r BHC treated group and malathion treated group were 
observed from the date of emergence to know whether these 
insecticides menifest any lethal effect. Malathion did not 
show delayed lethal effects as there was no mortality in 
adults up to 30 days. Whereas r BHC exhibited latent 
toxicity as 19 bed-bugs out of 60 died within six days of 
emergence as adults. 
The possibility of chemical sterilization of 
these bed-bugs was sorted out by using two alkylating 
agents, metepa and apholate. The newly emerged adults (24 
hours old) were exposed to filter paper strips impregnated 
with different concentrations of the two chemosterilants for 
one hour. Single pair reciprocal crosses were made in all 
possible directions to study the effect of chemosterilants 
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on the fecundity and fertility. Both the chemicals were 
found to be capable of affecting the fecundity and fertility 
of the bed-bugs. But apholate was more promising and at a 
concentration of 0.062% it yielded 100% sterility. Metepa, 
however, could produce complete sterility at a higher 
concentration of 0.125%. Oviposition was retarded 
significantly by both the chemosterilants but more severely 
by apholate. The males were proved to be more susceptible 
to sterilization than the females by apholate and metepa. 
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U S T T R O O T U C T I O N 
Despite all efforts man has failed to keep the 
insect foes away from him. They not only destroy our crops 
but also act as agents of human and animal diseases. Control 
measures help in keeping pest populations below the 
threshold, but seldom provide a permanent solution of the 
problem. On the other hand/ repeated and indiscriminate use 
of pesticides results in the contamination of the 
environment and insects become tolerant to chemicals 
rendering control operations ineffective. One reason for 
such failure of control operations could be the lack of 
knowledge about the particular pest species. 
The bed-bugs are insects which belong to family 
Cimicidae of the order Hemiptera. This family contains 
nearly 74 species which suck the blood of mammals 
particularly that of human beings by reaching them. Unlike 
human lice, bed-bugs are not restricted to human blood, but 
they also feed on other mammals. 
The species associated with human beings are Cimex 
hemipterus F. -the tropical bed-bug and Cimex lectularius L. 
-the common bed-bug. They can be distinguished by the shape 
of their pronotum which is rounded in C hemipterus whereas 
somewhat flattened towards the sides in C.lectularius. The 
head of the former species is not as broad or as long as 
that of the later. The abdomen is broadest at the level of 
the 2nd segment in C.hemipterus while it is so at the level 
of 3rd segment in C.lectularius. Further, the former 
species is more adapted to higher temperatures. 
The bed-bugs have long been suspected of 
transmitting various diseases. Bugs collected from natural 
habitat have been found harbouring many parasites like 
Wuchereria bancrofti (nematode) Trypanosoma cruz i 
(protozoan) and Coxiella burnetti (rickettsia) but there 
is no actual transmission. Infact bed bugs do not play a 
role in the transmission of these parasites and the diseases 
caused by them. 
However, bed bugs are universally disliked by the 
human beings on account of allergic skin reactions and 
anaemia on long exposures as well as due to their 
characteristic and unpleasant smell of secretion from their 
two stink glands. 
It was, therefore, proposed to study the 
behavioural responses of the bed-bugs both under normal 
conditions as well as following treatment with certain 
chemicals. Further the technical programme also included to 
observe the effect of starvation and frequency of feeding 
on the survival and oviposition, life cycle under high and 
low temperature and humidity conditions. Aside that, the 
colour preference by the bugs was also studied with a view 
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to find out the colour that would give largest attraction to 
the bed-bugs. 
The toxic environment for the bed-bugs was created 
by treating the bugs with lethal and sublethal doses of 
insecticides belonging to different chemical groups 
separately. 
Besides insecticides, bod-bugs were also exposed 
to chemosterilants of the alkylating group such as metepa 
and apholate to find out their effect on the reproductive 
potential of these bugs. Knipling (1960) suggested the 
concept of decreasing populations of rapidly reproducing 
organisms by reducing their birth rates rather than by 
increasing their death rates found its most striking 
application in the field of insect pests. 
R E V I E W 
O E 
L I T E R A T U R E 
Although the bed bugs have never been reported to 
be vectors of any disease, they may be regarded as ideal 
sample for research on insects due to their small size, 
short life cycle, and cosmopolitan distribution. During the 
past several decades attemps were made to contol these bugs 
by insecticides but negligible effort was made to study the 
behaviour of the bed bugs under normal and altered 
conditions, which may provide data to formulate a rational 
control of this insect species. 
2.1 EFFECT OF FEEDING ON BIOLOGY:-
Some authors concentrated to observe the effect of 
feeding and non-feeding on bed-bugs. Joyeux (1913) found 
that adult cimex rotundatus can live longer than their 
nymphs without food. On the contrary, Leefmans (1919) 
found with regard to C^ lectularius that nymphs could live 
longer than the adults without food. Hase in the same year, 
published a report on the life cycle of bed-bugs. According 
to him oviposition continues for sometime after the bug has 
begun fasting and upto 23 eggs can be laid by a fasting 
female. The duration of nymphal instar was shortened if 
abundant food was given. The bed bugs exhibit a wide choice 
of host, but undoubtedly, man is the most preferred host. 
However, bed-bugs have been successfully reared on reptiles 
as well {Chatton and Blanc, 1918), Cannibalism has been 
also reported by Rivnay (1930) in C. lectularius. Kemper 
(1930) studied the longevity of starved bed-bugs under 
varying temperatures. He found that length of time that any 
stage can live without food is shortened by raising the 
temperature and increased by lowering it. 
According to Omori (1935) feeding affected the 
size of the eggs and found that the eggs of Cimex hemipterus 
were smaller if the females were underfed or older. Johnson 
(1961) found a characteristic trend in the efficiency with 
which the blood is used to increase the body weight from 
instar to instar and the mean value per instar lor different 
hosts is positively related to the proportions of the solid 
matter in the blood. Bell and Schaefer (1966) studied 
longevity and egg production of the female bed-bug, 
C. lectularius, fed on various blood fractions, and other 
substances. They found that by feeding whole rabbit blood, 
diluted 9:1 with insect Ringer's solution caused 80% 
survival and highest egg production. Tawfik (1968) found 
that successive small blood meals can induce moulting in 
C. lectularius. 
In the bug leptocoris colmbatorensis, Kaur, Rao 
and Thakur (1982) found that due to starvation the number 
of eggs laid was reduced and duration of adult life was 
decreased. Larvae of Tribolium castaneum when starved for 
4,6,8 and 10 days respectively suffered from higher larval 
and pupal mortality as well as decrease in adult emergence 
{Armstrong & Newton, 1985). In 1986 Ito also recorded that 
adults of coreid bug, Cletus puntiger on starvation since 
their emergence had shorter longevity i.e. 8 to 10 days 
only. In the same year Tignor & Eaton, with respect to 
cabbage looper, Trichoplusia n i recorded longer 
developmental time, increased mortality and reduced pupal 
weight due to starvation. 
According to Minkerberg (1988) in agromyzid fly 
Liriomyza trifolii fecundity and longevity were highly 
correlated with the number of feedings. 
2.2 EFFECT OF TEMPERATURE AND HUMIDITY ON BIOLOGY:-
For the development of a healthy laboratory colony 
suitable temperature and humidity are as important as food. 
Studies on the biology of bed-bugs under different 
temperatures started as early as 1912 when Blacklock found 
that unfed nymphs of C^ lectularius cannot withstand a 
temperature of 45°C. However, the adults of this species 
were found to resist this temperature somewhat longer. In 
1914, Baycot studied the effect of temperature on the 
survial of the eggs. According to him the eggs of C. 
lectularius survived the exposure to the temperature between 
2 8 ^ to 3 2 ^ for 5 - 8 days and only 25% of the eggs 
hdtched. A longer exposure of 10-15 days at this 
temperature proved fatal, and no hatching was recorded. 
Same author also recorded that the newly hatched bugs when 
unfed can survive at 28°F to 32®F for periods upto 18 days 
and can also withstand chilling and thawing. 
A high temperature can be fatal for all the stages 
of bed-bugs even if exposed for a short period. This was 
proved in an eradication programme in Canada when a building 
highly infested with Cimex lectularius was subjected to a 
temperature of 160°F for 10 hours. A] 1 the stages were 
destroyed [Ross, 1916) . In the same year, Marlatt found 
that a temperature of 96° to 100°C, with a high degree of 
humidity caused death of large number of bed-bugs. He 
further reported that adults could survive a temperature 
below freezing point for a considerable period but the eggs 
and nymphs died if it was prolonged for 15 days or a month. 
On the other hand, Doten (1916) found that a number of 
newly hatched individuals of C^ lectularius survived after 
being kept in cold storage for nearly three months without 
food. The eggs kept under the same conditions hatched 
promptly when the temperature was raised. Fletcher (1920) 
working with C^ lectularius observed that a temperature of 
126"°F for two minutes is sufficient to kill them. 
In 1930, Hase further investigated the effect of 
temperature on bed-bugs. He found that 30®C is the optimum 
temperature for the hatching of the eggs and an exposure to 
a temperature of 15°C killed all the eggs of C^ hemipterus. 
He further supported his findings in 1931 by the fact that 
the eggs of hemipterus were very susceptible to low 
temperatures. Rivnay (1932) studied the effect of 
temperature and humidity on lectularius and concluded 
that the starving bed-bugs died more rapidly at relatively 
higher temperature with low humidity and that the relative 
humidity probably had no effect on the rate of development 
when the bugs were fed only once during each nymphal period. 
In the same year he further confirmed his earlier 
observations that heat is an important factor even for 
obtaining food and the bugs are unable to reach the host 
when the temperature is very high. Later, Janisch (1933) 
observed that the exposure of eggs and larvae to 40®C 
notably increased pre-imaginal mortality and reduced egg-
production in the survivors. Low temperatures had adverse 
effect on the development. The eggs of tropical bed-bugs C. 
hemipterus survived at 7 - 9°C, but showed no embryonic 
development until transferred to a higher temperature 
{Ohmori, 1934). Janisch (1935) did not record any mortality 
in C^ lectularius at 27°C to 32®C. However, at 34°C whole 
stock died in 5 generations. Sudden exposure of eggs to low 
temperature can stop their hatching. This was proved by 
Ohwori (1935) when he exposed the eggs of hemipterus at 
3°C for 20 days. Later (1938) he further studied the effect 
of low temperature on the survival of the eggs and nymphs 
and found that eggs and nymphs of hemipterus did not 
survive during or after exposure to 0°C for 14 to 21 days. 
Johnson (1940) concluded that both low or high temperatures 
could be fatal for the eggs. According to him the eggs of 
C. lectularius did not hatch when kept below 13°C or above 
37°C. In Rhodnius prolixus, the reproductive activity of 
adults was inhibited by exposing them to 34°C (Okasha, 
1970). 
In Carpoqlvphus lactis, Okamoto (1984) concluded 
that the rate of hatching and the period of egg stage were 
unaffected by varying humidity. But the survival rate from 
larva to adult was higher as the humidity increased. 
According to Yadav and Chaudhary (1986), out of the two 
important physical factors i.e. temperature and humidity, 
the former plays significant role in the biology of 
Cheiloneurus pyrillae and this parasitoid showed tremendous 
decrease in longevity of both male and female at 35 ± 
1.5°C. 
Mun 11 Ryoo and Ki-Jong Cho (1988) reported that 
the lower and upper threshold temperatures for over all 
development of the weevil, Sitophilus oryzae were estimated 
to be 15.0 "C and 34.1°C respectively. Similarly, 
Minkerberg (1988) also recorded that in agromyzid fly, 
Lirioinyza trifolil generation time varied from 48 days at 
15°C to 24 days at 25°C and 90% oviposition occured at 20°C 
and 2 5° C which was higher than that of the lower 
temperature. Similar findings are available from Lhaloui 
et al. , (1988). They found that fecundity Increased with 
increasing temperature (20 - 32®C) and moisture (10 - 16%). 
However, interaction of adult survival and fecundity caused 
net reproduction to peak level at 27°C and 16% moisture. 
Chaudry and Ali Khan (1990) also recorded the 
effect of different temperature and relative humidity on red 
pumpkin beetle, Aulacophora foveicollis and they found that 
the beetle had the highest number of viable eggs and the 
shortest development period at 30°C and 70% relative 
humidity. 
2.3 RESPONSE TO COLOUR;-
It has long been known that preference of a 
particular colour by the insects can influence them to the 
traps. Studies in this field have been going on for the 
last five or six decades. Many insects have been observed 
for their colour preference but practically nothing has been 
done on the bed-bugs. Awart (1920) studied the attraction of 
house-flies to various colours and according to him yellow 
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coJour had the gr&atest attraction, while red and violet 
colours had the least response. Freeborn and Berry (1935) 
studied the colour preference in Musca d. domestica and 
concluded that the flies had the choice of green, ivory, 
yellow, light blue, light grey, jade green, dark red, dark 
blue and aluminium in descending order. Later, these 
findings were confirmed by Morgan and Pickens (1968). 
Waterhouse (1948) and Hecht (1963) observed that darker 
surface was more attracted than the lighter ones. Khan 
(1978) working on Musca d. nebulo, concluded that the flies 
were attracted towards black, blue, yellow and red in order 
of preference. 
Brown (1954) showed that four Canadian species of 
Aedes preferred to land on dark clothes viz. black, dark 
blue and red, whereas white, green and yellow clothes were 
unattractive. Brown (1955) further concluded that light 
coloured clothings did not increase the attraction of these 
mosquitoes to the human face but significantly more landings 
on human faces were recorded with black clothings. Gilbert 
and Gouch (1957) conducted several tests to compare the 
landing rates of Aedes aeqypti, A.taeniorhynchus and A.. 
sollicitans on coloured paper disks. They concluded that 
the darker shades of all the colours attracted most of A. 
aegypti while their lighter shades were most preferred by 
A^ taeniorhynchus. The darker shades of the brighter 
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colours and the lighter shades of the colours containing 
blue were most attractive to A. sollicitans. 
A number of tests conducted by Fleming e^ a 1, 
(1940) and Whittlngton and Bickley (1941) on Japanese 
beetle, Popillia japonica showed that yellow traps were 
significantly more attractive than those painted either blue 
or white. Hamilton ^ (1971) reported that traps 
painted with yellow, green or white were similarly 
attractive for the Japanese beetle. Ladd and Klein (1983) 
working on trap colours on Japanese beetle, Popillia 
laponica indicated that yellow, white, signal green, saturn 
yellow, green and blue were all alike with respect to 
attracting these beetles. 
Field study of Glossina pallidipes and Glossina 
morsilans in Zimbabwe by Green and Flint (1986) showed 
maximum attraction of flies towards royal blue colour but 
green and yellow colours caused least response irrespective 
of sex and species. But according to Laska (1986), the 
males of the fly, Delia radicum preferred yellow and white 
colours whereas the females were attracted to yellow colour. 
However, both sexes of D. platura and D. florileqa preferred 
white to blue or yellow colours. He also found that 
Blossom beetles, Meligethes and Ceutorhvnchus quadrldens 
were attracted mainly to yellow colour. Laska (1986) 
further studied that flea beetles of the genus Phyllotreta 
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were found on all colours but showed a slight preference for 
yellow over green, red, white and blue colours. Likewise, 
in case of mediterranean fruit fly yellow colour was the 
most attractive colour and next were red, orange, black, and 
green in descending order which were almost equally 
attractive while blue and white were the least attractive 
(Katsoyannos, 1987). 
2.4 CONTROL OF BEDBUGS 
Synthetic insecticides have been used to control 
the population of bed-bugs since the world-war II. Tests 
have been performed to determine the susceptibility and 
resistance of bed-bugs to DDT, T BHC and other insecticides. 
Sharma ^ al, (1962) determined the susceptibility of the 
adults of Cimex hemipterus and C. lectularius to DDT, r -
BHC and pyrethrins. The LC5Q values showed that both the 
species were resitant to DDT and r - BHC but susceptible to 
pyrethrins. Bed - Bugs from parts of Delhi were found to be 
resistant to DDT, r- BHC and pyrethrins and susceptible to 
malathion (Kalra and Krishnamurthy, 1965) . Susceptibility 
tests of C. lectularius to DDT, r BHC and trichlorfon were 
performed in Soviet Union by Vashkov et al, (1966) . They 
found that Susceptibility to DDT and BHC was highest in 
February at 13°-14°C and lowest in August at 28°-29°C. 
However, the changes in susceptibility to trichlorfon with 
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temperature was not pronounced. Laboratory tests were 
carried out in Egypt on the toxicity of seven insecticides 
to adults of two strains of C. lectularius. One strain was 
highly resistant to DDT and aldrin, moderately resistant to 
dieldrin, r-BHC, Sevin and endrin but susceptible to 
malathion. The other strain was moderately resistant to DDT 
but susceptible to other compounds {Radwan ejt aj^ , 1972) 
Shetty ejt a_l (1975) evaluated f enitrothion, Dursban and 
malathion for the control of the bed-bugs. Malathion was 
found to be ineffective but fenitrothion caused good 
mortality at 0.5%. According to Dremova e^ aj, (1979) 
Sumicidine was effective against bed-bugs. 
Takahashi (1985) investigated the susceptibility 
of various insecticides in Aedes albopictus and found that 
in this case LC^q values were 0.011 - 0.017 ppm for 
temephos, 0.013 - 0.055 ppm for fenitrothion, 0.024 - 0.17 
ppm for fenthion and 0.03 - 0.12 ppm to DDT. Yu (1988) 
observed that the stin)< bug was generally more susceptible 
to organophosphorus and carbamate insecticides but was more 
tolerant to permethrin, cypermethrin and fenvelerate. 
Further, tetra chlorvinphos had no apparent toxicity to the 
bugs at concentration of 100 pg per insect. 
Resistance to DDT in C.lectularius was first noted 
in 1947 at Pearl Harbor, Hawaii, 3 years after the 
insecticide was introduced {Johnson and Hill, 1948). In 
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tropical bed-bug C. heniipterus DDT-resistance was discovered 
in an army camp at Feng-Shan, Southern Taiwan in 1953 {Chen, 
e_t a_i, 1956) . Sen (1958) concluded after testing several 
insecticides that the bed-bug, C. hemipterus had developed 
natural resistance to DDT, BHC and dieldrin. He (1959) 
further investigated the susceptibility of local strain of 
C .hemipterus from west Bengal and found that the bed-bugs 
were resistant to DDT. Later, DDT and BHC resistant as 
well as diazinon susceptible strains of C.hemipterus were 
also reported from Madagaskar (Gruchet, H. , 1961). Juminer 
and Kehouk (1962) found clear evidence of resistance to DDT 
and dieldrin in Tunis when applied against C.lectularius. 
Mellis and Miller (1964) reported that the bed-bugs were 
still resistant to DDT even after isolation of almost 5 
years from DDT or other insecticides. Tielecke (1977) 
found no difference in susceptibility to r - BHC of bed-bugs 
which were kept in constant contact with this insecticide 
for 12 generations. 
Latent toxicity of insecticides has been 
investigated in various insects. The term latent toxicity 
was proposed for the condition in which the larvae were 
treated with insecticide, but toxic effect did not fully 
manifest itself, until after the emergence of the adults. 
Tomashiro and Sherman (1955) observed latent toxicity 
exhibited by aldrin, isodrin, dieldrin, endrin, chlordane 
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and lindane in oriental fruit fly larvae. The phenomenon 
was specially pronounced in endrin treated insects. A high 
order of latent toxicity was found in mediterranean fruit 
fly towards the chlorinated polycyclic hydrocarbon 
insecticides (Sherman, 1958). Sherman and Sanghez (1964) 
studied the latent toxicity of aldrin, chlordane, DDT, 
diazinon, dieldrin, heptachlor, lindane, malathion and 
methoxychlor in susceptible and resistant strains of Musca 
domestica. In susceptible strain, measurable latent 
toxicity was shown by aldrin, chlordane, DDT, dieldrin and 
heptachlor. No latent toxicity was exhibited by the other 
insecticides. Aldrin and heptachlor exhibited very low 
levels of latent toxicity to the resistant strain. Sanchez 
and Sherman (1966) observed latent toxicity to DDT in house 
flies over 3 days following the emergence of the adults. 
Bauernf iend (1987) determined residual effec-
tiveness of six insecticides for controlling chinch bug, 
Blissus leucopterus. Although all treatments with carbaryl, 
carbofuran, fenvalerate, parathion, endrin and chlorphyrifos 
applied at 1.66, 0,56, 0.22, 0.84, 0.56 and 1.12 kg/ha 
respectively provided 90% population reduction within the 
first 24 hours after their application but only carbaryl and 
carbofuran continued to suppress the population of this bug 
through 48 hours. In the same year, Gajendran e_t a 1, 
recorded the effect of sublethal doses of insecticides; 
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deltainethrin, methyl parathion, monocrotophos and carbaryl 
on last instar nymphs of Aphis gpssypii at three levels 
(LDj^ q, LD20 and LD35) . Out of these> deltamethrin gave 
lowest lethal values, which were followed by monocrotophos, 
methyl parathion and carbaryl. 
Rosenheim and Hoy (1988) studied the longevity, 
daily rate of progeny production per female and size and sex 
ratio of the offsprings for the parasitoid Aphytis metinus 
exposed to rates near LC^q of carbaryl, chlorpyrifos, 
dimethoate, malathion and methidathion. They found that 
survivors of the exposure to carbaryl exhibited no 
significant sublethal effect. But exposure to each of the 
organophosphorus insecticide reduced longevity by 73-85% and 
depressed progeny production. 
It was well known since several decades that 
insects could be sterilized by exposure to x-rays or gamma 
radiation. This idea was first proposed around 1937 by 
Knipling for controlling the screwworm fly, Cochliomyia 
hominivorax. Subsequent studies by Bushland and Hopkins 
(1951, 1953) demonstrated that the screw worm was easily 
sterilized by x-rays or gamma radiation. These successful 
demonstrations of the sterility method of control stimulated 
research on the possible application of chemicals in the 
control of other insects by way of sterilization. Interest 
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in the control of insects of medical and veterinary 
importance was especially motivated by the problems 
associated with the use of insecticides, such as residues in 
the environment, resistance, toxicity hazards and 
indiscriminately killing of non-target organisms including 
beneficial insects. A survey of available literature 
revealed that there was no information concerning 
chemosterilization of the bed-bugs except by Adhami and 
Khan (1975) who initiated chemosterilization of Cimex 
hemipterus through a non-alkylating. agent, hempa w'hich was 
not very effective in producing sterility in the bed - bugs 
and only 43.11% sterility could be obtained when 3% of this 
chemical was applied. Adhami (1980) further studied the 
effects of hempa on the bionomics of C.hemipterus and found 
that pre-oviposition periods were shortened as a result of 
chemosterilization with this compound. Though,this chemical 
has been found very effective in producing sterility in 
house-flies. LaBrecque ejt (1966) obtained 100% 
sterility in M li s c a domestica when it was given at a 
concentration of 0.5% in sugar and 0.25% in regular fly 
food. 
In the present studies two alkylating agents, 
metepa and apholate have been tested against Cimex 
hemipterus. LaBrecque (1961) demonstrated that apholate 
could produce sterility in both sexes of house flies. 
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Similar results were obtained by LaBrecque aX, (1962) 
with tepa and methiotepa as well as with tepa, metepa and 
apholate by Murvosh et (1964) . Ansari (1973) studied 
the effects of apholate, tepa, metepa, hempa and hemel on 
the fertility of Musca domestica nebulo by dipping four 
days old larvae in ethanol solution of each of these 
chemicals for different periods. It was observed that 
although oviposition was inhibited, the chemicals were not 
very effective in producing sterility at lower 
concentrations. Glancey (1965) found that hempa was more 
effective in the females of Aedes aegypti than the males. 
On the other hand, Khan (1973) observed that metepa and 
apholate were more effective in the males of Culex piplens 
fatigans than the females. In the same year Gangrade and 
Pant found that apholate reduced both egg viability and 
fecundity and the males showed complete sterility in Cadra 
cautell. 
Thakur and Kumar (1986) proved thiotepa to be 
most effective sterilant in either sex of Dacus dorsalis. 
The females laid no eggs in the mating combination of 
treated female and untreated male while fecundity was 
significantly reduced in the combination of untreated female 
and treated male. 
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In the following year Reddy and Sherma observed 
the effect of hempa on rice moth. According to them, when 
this compound was used as 150 ug/moth the average fecundity 
was 108.2 eggs/female as compared to 265.5 eggs/female in 
control whereas the egg viability was 18.97% as compared to 
74.57% in control. Although this chemosterilant did not 
affect the longevity of adult, it reduced the oviposition 
period to 2.8 days as compared to 3.5 days in control. 
Bharathi and Govindapa (1990) working on blister beetle, 
My'l abr i s pustulata , found that the oviposition and 
hatchability of eggs were markedly suppressed in the 
presence of carbaryl and the incubation period was 
prolonged. 
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M A . T E R I A L S 
A N D 
M E T H O D S 
3.1 TEST INSECT 
Laboratory colony of the common Indian bed-bug, 
C i m ^ hemipterus Fabr. was developed from the adult bugs 
collected from the central jail, Aligarh. 
The adult C. hemipterus is flat, oval, brown and 
wingless insect about one fifth of an inch long and about 
one eight of an inch broad. The body is covered with fine 
hairs. The head is short, with a pair of prominent compound 
eyes between which is a pair of antennae. Beneath the head 
there is a jointed beak or proboscis. The sexes can be 
distinguished by the abdomen, which is narrower and more 
pointed in the males than in the females. Further, the 
projecting terminal segment of abdomen of the males bears 
hook like clasper which acts as a sheath for the aedeagus or 
penis. The females also bear a copulatory pouch, known as 
the organ of Berlese. 
The eggs of the bed bug are elongated, pearly 
white objects about one twenty fourth of an inch long and 
slightly curved. On hatching, the first instar nymph is 
semi-transparent but later it becomes straw coloured. The 
bed-bug casts its skin five times between egg and adult. 
Thus there are five nymphal instars. At each moult it 
becomes a little larger and a little darker. 
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3.2 REARING TEACHNIQUE 
Adult bed-bugs were reared in the laboratory at 
28.0 ± 1°C and 70 ± 5 percent relative humidity in plastic 
specimen tubes measuring 6 x 4 cm. according to the method 
described by Adkins and Arant (1959). Usually 20 bugs were 
kept in each tube which also had a folded piece of filter 
paper to provide shelter and suitable oviposition sites. 
When the bugs oviposited on the filter paper strips, the 
same were removed at 24 hours intervals and then kept in 
fresh empty tubes for hatching. The adults were allowed to 
feed every third day on the shaved abdomen of a rabbit by 
pressing the tubes upside down, tightly against the shaved 
abdomen for 10 to 15 minutes. However, the nymphs were fed 
on alternate days. The mouth of each specimen tube was 
covered with a muslin cloth or fine mesh gauze with the help 
of a rubber band. 
3-3 EXPERIEMENTAL METHODS 
3-3.1 The effects of starvation and frequency of feeding 
was observed on the survival and oviposition of the bed-bug. 
For this purpose groups of nymphs belonging to first to 
fifth instars as well as adults were kept in separate 
specimen tubes and they were not given any blood meal. In 
another experiment, groups of adults in separate specimen 
tubes, were intermittently fed on blood at different 
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intervals, and the observations were made on their 
bionomics. 
3.3.2 To find out the effects of different temperatures 
and relative humidities on the biological characteristics 
of these bugs, they were reared at 28.0 ± 1" C and 70 ± 5% 
r.h. The effects of high or low temperatures were studied 
by keeping the adults and first to fifth nymphal instars in 
the specimen tubes and by placing these tubes in B.O.D. 
incubators maintained at desired controlled temperatures. 
The bugs were exposed to low humidity by keeping 
them in descicators containing measured amounts of calcium 
chlori de. 
3.3.3. Colour preference by these bed-bugs was studied by 
introducing equal sized strips of coloured papers in the 
specimen tubes which were kept at 20, 28 and 36°C. 
3.3.4. INSECTICIDES USED AND TEST TECHNIQUE 
Technical grades of various chemicals used during 
the present investigations were obtained from different 
sources. P', P'-DDT [1,1,1 - trichloro -2,2- di - (p -
Chlorophenyl) ethane] was obtained through the courtesy of 
J.W. Wright of WHO, r BHC ( Benzene hexa-chloride ) was 
supplied by Diamond Alkali Company while malathion [ 1,2 -
di (ethoxy carbonyl) ethyl ], propoxur {2-isopropoxy 
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pJu'tiyl) and DDVP or dichlorvos (2,2 -dichlorovinyl/dimethyl 
phosphate or 0,0-dimethyl -2,2, -dichlorovinyl/phosphate) 
were obtained from Bayer India Ltd. and Sevin was obtained 
from Union Carbide, India. 
Separate strips of filter paper measuring 5 x 1 cm 
were impregrated with 0.2 ml. of acetone solution of the 
desired concentration of each insecticides. The strips were 
air dried and then placed in the specimen tubes containing 
ten pairs of bed-bugs. All the strips were withdrawn from 
these bug tubes after one hour and untreated fresh strips 
were introduced. The observations were recorded after 24 
hours. 
Dosage mortality regression lines of P', P'-DDT, r 
BHC, malathion, DDVP, Sevin and propoxur were drawn on the 
basis of the percentage mortality obtained, as fitted by 
eye. The LC^q values were computed from the regression 
lines and the slope of a line per ten fold change in dosage 
(Hoskin and Gordon, 1956). 
3.3.5. CHEMOSTERILANTS USED AND STERILIZATION TECHNIQUES 
The chemosteri1 ants used during the present 
investigations were obtained with the courtesy of Dr. P.B. 
Morcjan, Entomology research division, U.S. D.A., Gainsville, 
Florida, U.S.A. These compounds were Apholate [ 2,2,4,4,6,6, 
- hexakis (1 - aziridinyl) - 2,2,4,4,6,6, - hexahydro -
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1,3,5,2,4,6 - triazatriphosphorine ] and Metepa [tris (2 -
methyl - 1 - aziridinyl) phosphine oxide. 
The desired concentrations of each chemosterilant 
were prepared in ethanol. Separate strips of filter paper 
measruing 5 x 1 cm. were impregnated with 0.2 ml of each 
chemosterilant. After air drying each strip was placed in 
separate specimen tubes containing stock of newly emerged 
adults. After one hour of exposure to the respective 
treated strip the bugs were correspondingly transferred to 
clean specimen tubes. Single pair reciprocal crosses of 
treated bed-bugs were made to study the sterilizing effects 
of chemosterilants. 
3.4 STATISTICAL CALCULATIONS 
The data were analysed statistically. Standard 
deviation (S.D.) was calculated by the following formula : 
where, 
S.D. 
S.D. 
d2 
n 
\ 
S D^ 
n - 1 
Standard deviation 
Sum of square of the 
differences of the mean value, 
number of observations. 
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On the basis of standard deviation (S.D.) standard 
error (S.E.) was calculated by the following formula : 
S.D. 
S.E. = 
/n 
where, S.E. = Standard error. 
S.D. = Standard deviation 
n = Number of observations. 
For the significant test, the following formula 
was applied {Fisher, 1926). 
S 
\ 
1 1 + 
" 1 " 2 
where, t = Significant value 
X = mean value of first set of 
observation, 
y = mean value of second set of 
observation 
S* = Pooled standard deviation. 
* 
n^ = number of observations of 
first set. 
n2 = number of observation of 
second set. 
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"1 dl' 
ni 
! -.2 
+ 1 1 2 - 2 
where, Standard deviation of 
set of observations. 
first 
Standard deviation of second 
set of observations. 
The calculated "f was compared with the tabulated 
'f (Bailey, 1959) at 5% level. If the former value is 
higher than the later, the data are significant otherwise 
insignificant. The tabulated value of 't' at 5% level is 
2.447. 
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R E S U L T S 
A N D 
D I S C U S S I O N 
4.1. THE EFFECTS OF STARVATION AND FREQUENCY 
OF FEEDING ON THE SURVIVAL AND OVIPOSITION 
OF Cimex hemipterus Fabr. 
There are various physical and biotic factors 
which affect the abundance of a population in nature. 
Nutrition is one of them. It may affect an insect's size 
and form, its rate of growth, its activity and its fecundity 
and fertility. A review of the available literature showed 
that little work has been done to study the effect of 
starvation on C.. hemipterus and hence the present 
investigations were undertaken to find out the length of 
time of each instar and adults of the bed bug, C. hemipterus 
without food. 
For these experiments twenty individuals (freshly 
emerged) of each instar and adults were kept in specimen 
tubes without any blobd meal and the survival period of each 
stage was recorded. The experiment was replicated five 
times. All these bugs were maintained at 28 ± 1°C and 70 ± 
5% r.h. Figure 1 and Table 1 show the survival period of 
different stages of the bed-bug Cimex hemipterus. The 4th 
instar nymphs were found to be most tolerant to starvation 
and they lived for 53.6 ± 1.36 days. The shortest duration 
was recorded (15.7 ± 2.31 days) for 1st instar nymphs. The 
survival period of 5th instar nymphs was found to be 50.2 ± 
1.73, which is not very far from that of 4th instar nymphs. 
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It was also observed that the nymphs did not moult without a 
blood meal. This observation confirms the earlier findings 
of Kemper (1930) who observed that the total lack of food 
prevented the 1st instar nymphs from further development. 
The adults were found to be more susceptible to 
starvation than the nymphs (Figure 1) . The longevity of 
unfed male was recorded 34.0 + 0.74 days and of unfed 
female, 24.5 ± 1.52 days. Leefmans (1919) observed that 
the largest time, a nymph could survive without a blood 
meal was 34 days. In the case of the adults this period was 
19 days. This supports the present findings, showing the 
survival of the adults (males) for only 34 ± 0.74 days as 
compared to the 53.6 ± 1.36 days in case of 4th instar 
nymphs. As it is evident, the difference in survival period 
of the two stages under conditions of starvation was quite 
appreciable (Figure 1). 
In another experiment, the adults were provided 
blood meals at different intervals and the effects of 
frequency of feeding were observed on the bionomics of the 
bed-bug. The biological parameters being the duration of 
pro, post and ovipostion periods, longevity of the males and 
the females and total number of eggs laid by a single 
female. Normally the bugs were fed at an interval of 2 days 
(every third day). One batch of the bugs was provided blood 
meal every 6th day, another batch was fed every 12th day and 
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still another batch was fed every 18th day. A batch 
consisted of 5 pairs of adults and 10 replicates of each set 
were tested. 
The results ( Table 2) indicate that the bed-bugs 
did not lay eggs without getting a blood meal. The pre-
oviposition period (Figure 2) varied according to feeding 
interval. It was 6.4 ± 3.46 days in control whereas, it was 
prolonged to 8.6 ± 2.78, 15.2 ± 3.16 and 20.4 ± 3.01 days 
when the bugs were fed every 6th, 12th and 18th day of their 
emergence, respectively. Oviposition period (Figure 2) also 
varied as a result of feeding interval. Bed-bugs from the 
control batch oviposited for 29.8 + 2.89 days. This period 
was shortened when the bugs were fed every 6th day (24.2 ± 
2.75), 12th day (17,6 ± 1.95) and 18th day (8.0 ± 2.38). 
The results on the post-oviposition period were not very 
significant. However, this period was reduced when the 
interval of feeding was increased as it was 7.6 + 1.32 days 
in control, 8.6 ± 2.34 days in fed every 6th day, 2.4 ± 1.52 
days in fed every 12th day and 3.0 ± 2.18 days in fed every 
18th day. 
Figure 3 ( Table 2) shows that the number of eggs 
laid per female was 134.0 ± 3.91 in the control, which came 
down to 85.2 ± 2.11, 51.4 ± 4.12 and 8.4 ± 2.61 days when 
the bugs were fed every 6th day, 12th day and 18th day 
respectively. The reduction in the fecundity was found to 
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be statistically significant in all the three variables when 
compared with the respective control. Hase (1919) could 
not get any egg from the females of C. lectularius after 7 
days of starvation. But, however, he observed a maximum 
number of 153 eggs from a single female when the feeding was 
permitted every 3 - 4 days. This supports the present 
findings showing 134.0 ± 3.91 eggs deposited when the bugs 
wore fed every 3rd day. The longevity of the male and the 
female was also retarded when the interval of feeding was 
increased. 
Figure 4 clearly shows the comparative life span 
of the male bed-bugs which was 57.2 ± 3.19 days for 
controlled batch, it was reduced to 56.8 ± 3.25 days (fed 
every 6th day) showing statistical insignificance, further 
reduced to 43.2 ± 2,98 days (fed every 12th day) and 33.6 ± 
2.91 days (fed every 18th day) (both statistically 
significant). Similarly for female bed-bugs the life span 
of 43.8 ± 3.22 days in control was reduced to 41.4 ± 1.81 
days (fed every 6th day) and 35.2 ± 3.53 days (fed every 
12th day) which was further lowered to 31.4 ±2.89 days (fed 
every 18th day)'. This change was found to be statistically 
significant. Similar observations were also recorded by 
Kaur, Rao and Thakur (1982) that starvation reduced the 
fecundity and the longevity of the bug, Leptoc'oris 
coimbatorensis. 
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TABLE - 1 
SURVIVAL PERIOD OF DIFFERENT STAGES OF 
Cimex hemipterus Fabr. WITHOUT FOOD* 
Life Stage Mean Survival (days) Range 
1st nymphal instar 15 .7 ± 2. 31 8 - 22 
2nd nymphal instar 21 .9 ± 1. 86 16 - 28 
3rd nymphal instar 29 .7 ± 1. 21 19 - 39 
4th nymphal instar 53 .6 ± 1. 36 34 - 74 
5th nymphal instar 50 .2 + 1. 73 26 - 66 
Adult - male 34 .0 ± 0. 74 19 - 45 
Adult - female 24 .5 ± 1. 52 16 - 32 
Data based on 5 replicates 
Standard error of the mean. 
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Fig. 1 Survival period of different stages of 
Ciitiex hemipterus without food. 
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Fig. 2 Relationship between frequency of 
feeding, pre-oviposition and oviposition 
periods of C. hemipterus. 
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Fig. 3 Relationship between frequency of feeding 
and fecundity of C. hemipterus. 
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Fig. 4 Relationship between frequency of feeding 
and longevity of male and female C.. 
hemipterus. 
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4.2 REACTIONS OF C^ hemipterus Fabr. TO 
DIFFERENT TEMPERATURES AND RELATIVE HUMIDITIES 
In order to determine the influence of temperature 
and relative humidity on certain biological aspects viz. 
Pre-oviposition, oviposition and post-oviposition periods as 
well as fecundity and fertility of C imex hemipterus, 
experiments were conducted on laboratory stock of the bed-
bugs which were reared at 28 ± 1°C and 70 ± 5 % relative 
humidity and provided with normal blood meal as described 
before. 
In first set of experiments, the newly emerged 
adults were kept in B.O.D. incubators at 20, 28 and 36°C 
with ,70 % r.h. with normal feeding procedure. Each 
container had 10 pairs of adults. In further experiments, 
lower humidity conditions i.e. 10 % and 40 % r.h. were 
managed and manipulated by keeping the experimental adults 
in descicators with measured amount of calcium chloride. 
Such descicators were kept at 20, 28 and 36®C in B.O.D. 
incubators. All these experiments were replicated 5 times. 
Figure 5 and Table 4 show the effect of different 
temperatures at 40 % r.h. There was slight increase in pre-
oviposition period (POP). It was 11.0 ± 4.78, 7.0 + 
5.39 and 6.3 + 5.95 days at 20, 28 and 36°C 
respectively. Table 5 represents the POP at 70 % r.h. 
which was 9.4 ± 4.15 , 6.4 ± 3.82 and 5.0 ± 4.11 
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days at 20, 28 and 36°C respectively. When the relative 
humidity was raised to 95 % the POP was found as 10.3 ± 
2.18 , 6.0 + 1.35 and 5.0 ± 4.18 days at 20, 28 and 
36°C respectively. However, these changes in POP at 
different temperatures and humidities were statistically 
insignificant. 
Oviposition period (OP) was appreciably reduced 
(not statistically) at 20°C irrespective of the lower 
humidity condition (Figure 5) . At this temperature, the 
OP was recorded as 14.6 ± 3.19, 16.0 ± 4.32 (statistically 
significant ) and 14.3 ± 4.71 days at 40, 70, 95% r.h. 
respectively (Tables 3, 4 and 5). A pronounced decrease in 
OP was also noticed at a high temperature with low 
humidity. This is clear from figure 5 and tables 4, 5, and 
6 where at 36°C, the OP was 16.6 + 3.92 , 24.2 ± 5.61 
and 30.0 ± 3.92 days at 40, 70 and 95% r.h. respectively. 
However, these changes in OP in different physical 
conditions were statistically insignificant. The post-
oviposition period ( Pt OP ) was not much affected at 
different temperatures and humidities and these changes were 
statistically insignificant. (Tables 4, 5 and 6 ). 
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Very low humidity ( 10% ) proved to be fatal for 
the bugs particularly at 36®C. The males could survive for 
5.4 ± 3.76 days at 20®C. and 3.2 ± 4.82 days at 
28°C. Whereas at these temperatures the longevity of the 
females was respectively 4.8 ± 4.13 and 2.2 ± 5.61 
days. All the bugs died within 24 hours at 36°C. (Table 
3 and Figure 6) . Rivney (1932) also suggested that the 
bugs could not survive at higher temperatures with low 
humidity. 
Both, either the low temperature (20°C) or the 
high temperature (36°C) are also not favourable for the 
survival of these bugs. At 70% r.h., the longevity of the 
males was recorded as 32.0 + 3.76 , 57.2 ± 3.82 and 
40.6 ± 4.14 days at 20, 28 and 36°C respectively 
(Table 5, Figure 6) . When the humidity was increased to 
95%, the males lived for 34.3 ± 2.19 , 55.0 ± 3.82 
and 52.6 ± 3.11 days at 20, 28, and 36®C respectivly 
(Table 6 and Figure 6) showing 28®C as most favourable 
temperature. Comparatively the males had longer life span 
as compared to the females at all temperatures and relative 
humidities. 
From these results, it is evident that both high 
and low temperatures reduce the life span of adult bed-bugs 
and this reduction was statistically significant. Janisch 
(1935) also found that the whole stock of C. lectularius 
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died out in 5 generations at 35°C while at 27° and 32°C no 
mortaJity was recorded. Earlier, Ross (1916) observed 
that a building which was badly infested with C.. 
lectularius in Ontario when exposed to a temperature of 
160°F for 10 hours, all the stages of these bugs were 
completely destroyed. Fletcher (1920) also concluded that 
an exposure to 120°F. for 2 minutes was enough to kill 
these bugs. 
Fluctuation of temperature and relative humidity 
also affected the fecundity, fertility and incubation period 
of the eggs. In the present experiments the maximum number 
of eggs (134 + 1.79) was obtained at 28°C with 70 % 
r.h. At similar r.h. fecundity was comparatively and 
appreciably lower at 36°C (105.6 ± 2.22) and least at 20''C 
(32.4 ± 3.91) (Table 5 and Figure 7). These changes in 
fecundity were statistically significant. 
Table 5 and 6 clearly indicate that change in 
temperature had a pronounced effect on fecundity as compared 
to change in relative humidity from 70 to 95%. 
At 40% r.h., fecundity was mar}<:edly and 
significantly (statistically also) dropped at all 
temperatures as compared to 70 and 95% r.h. A female on 
average laid 16.6 ± 2.19, 76.3 ± 2.18 and 39.3 ± 3.59 
eggs at 20, 28 and 36°C respectively (Figure 7, Table 
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4). Janisch (1933) observed that the egg production in 
C.lectularius was reduced at 40°C. 
According to Okasha (1970) it is the synthesis of 
specific adult protiens which is interfered by high 
temperature and hence, there is physiological inhibition or 
reduction of reproductive activity. The present data on the 
fecundity of C. hemipterus also confirm that both, high 
(36°C) and low temperatures (20®C) and low humidity {40% 
r.h.) cause disturbance in egg production. 
In further experiments, the eggs of C^ hemipeturs 
were also exposed to aforesaid temperature and humidity 
conditions and fertility of eggs was recorded through 
percent of hatching. It is clear that 28°C and 70% r.h. 
were most suitable for hatching of the young ones (Figure 8, 
Table 5). The percentage of hatching was 44.0, 93.5 and 
56.0 at 20, 28 and 36°C respectively (70% r.h.). At 
95% r.h. hatching was not much changed at the respective 
temperatures as compared to those at 70% r.h. (Table 6). 
This shows that high humidity does not improve the 
percentage of hatching. On the contrary, low humidity 
(40%) highly suppresses hatching which at 10% r.h. 
completely stops (Table 3). The data at 40% r.h. as shown 
in Table 4 are 16.6%, 66.6% and 33.3% at 20, 28 and 
36°C respectively. 
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Many researchers have recorded effect of 
temperature and humidity on the hatching of the eggs. Hase 
(1930) showed that 30°C is the optimum temperature for 
hatching and the eggs died at 15®C. 
Johnson (1940) made a detailed study on the eggs 
of bed-bugs. He found that the eggs did not hatch below 13®C 
and above 37®C. According to Ohmori (1934) the eggs of C. 
hemipterus survived for 52 days at 7-9"'C and 100% r.h. 
but showed no embryonic development until transferred to a 
high temperature but hatching did not take place below 
15°C. Ohmori (1935) further observed that the eggs exposed 
to 3°C for 20 days failed to hatch even after transferring 
them to high temperature. 
Figure 9 shows the comparative changes in 
incubation period which was not much affected by the change 
of temperature and humidity. However, a slight increase in 
the incubation period was indicated at lower temperature. 
At 20 and 28 and 36°C the eggs took 8.6 ± 2.32, 6.0 ± 
4.47 and 5.2 ± 1.92 days respectively to hatch when 
the r.h. was 70%. At 40% r.h. and 20°C the eggs took 
9.3 ± 3.77 days to hatch, which is statistically 
insignificant increase in the incubation period. 
The duration of nymphal instars was also studied 
at different temperatures and humidites (Figure 10) . The 
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d u r c i t i o n of 1st instar was 7.6 ± 2.17, 4.0 ± 5.56 and 
3.0 ± 2.29 days at 20, 28 and 36°C respectively when 
the humidity was 70%. The duration of 2nd instar nymphs 
respectively was 8.3 ± 3.39, 5.3 ± 3.45 and 4.3 ± 2.06 
days. That of 3rd instar nymphs was 9.0 ± 3.22, 5.6 ± 
5.09 and 4.6 ± 3.19 days respectively. The 4th instar 
nymphs lived for 11.0 ± 2.08, 6.6 ± 4.19 and 5.0 ± 
3.17 days while the 5th instar nymphs had there duration for 
12.3 + 3.05, 7.0 ± .1.17 and 6.0 + 3.29 days at 20, 
28 and 36®C with 70% relative humidity (Table 5) . 
There is almost no change in nymphal duration at these 
temperatures when the humidity was 95% (Table 6) and 40% 
(Table 3). But the changes in various instar durations 
were statistically insignificant at these temperatures and 
humidities. According to Ohmori (1935), the duration of 
nymphal stage was lengthened at 3°C in C.lectularius. 
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TABLE 3 
THE EFFECT OF TEMPERTURE ON THE SURVIVAL OF THE 
ADULTS AND HATCHING OF THE EGGS OF Cimex hemipterus AT 
10% RELATIVE HUMIDITY * 
20°C 
Temperature 
28®C 36°C 
Survival of 5.4 ± 3.76 3.2 ± 4.82 All died within 
(Mean days) 24 hours 
Survival of O 4.8 ± 4.13 2.2 ± 5.61 All died within 
(Mean Days) 24 hours. 
Hatching of eggs 
(Percent) 
0 . 0 0 . 0 0 . 0 
Data based on 5 replicates. 
Standard Error of the mean, 
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TABLE 4 
THE EFFECT OF TEMPERATURE ON THE BIONOMICS 
OF Cimex hemipterus AT 40% RELATIVE HUMIDITY * 
Temperature Biological 
Parameters 20®C 28®C 36®C 
Pre-oviposition 11.0 ± 4.76 7.0 i: 5.39 6.3 ± 5.95 
period (Mean days) 
Oviposition period 14.6 ± 3.19 25.0 ± 6.33 16.6 ± 3.92 
(Mean days) 
Post-Oviposition 5.6 ± 4.33 3.3 ± 5.17 4.6 ± 4.15 
period 
(Mean days) 
Longevity of cf 36.3 ± 5.11 46.6 ± 3.85 30.6 ± 4.09 
(Mean days) 
Longevity of Q 31.3 ± 3.19 35.3 ± 2.56 27.6 ± 3.93 
(Mean days) + 
Total number of 16.6 ± 2.19a 76.3 ± 2.18a 39.3 ± 3.59a 
eggs per female 
(mean) 
Hatcing of eggs 16.6 66.6 33.3 
(Percent) 
Hatching period 9 . 3 ± 3 . 7 7 6 . 6 ± 4 . 1 2 6 . 0 ± 4 . 3 9 
(Mean days) 
Duration of nymphal instars (mean day) 
1st instar 7.6 ± 4.19 5.0± 5.71 4.0 ± 3.21 
2nd instar 9.0 ± 1.89 5.6 ± 2.15 4.6 ± 2.12 
3rd instar 9.6 ± 3.19 6.0 ± 3.79 5.0 ± 2.95 
4th instar 11.6 ± 3.22 7.3 ± 4.11 5.6 ± 3.77 
5th instar 12.6 ± 2.13 8.3 ± 3.22 6.6 ± 2.17 
* = Data based on 5 replicates 
± = Standard error of the mean. 
Values sharing the same letter are statistically significant 
at 5% level. 
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TABLE 5 
THE EFFECT OF TEMPERATURE ON THE BIONOMICS 
OF Cimex hemipterus AT 70 % RELATIVE HUMIDITY * 
Biological 
Parameters 20'»C 
9.4 ± 4.15 Pre-oviposition 
period (Mean days) 
Oviposition period 16.0 ± 4.32a 
(Mean days) 
Post-Oviposition 
period 
(Mean days) ^ 
Longevity of O 
(Mean days) 
Longevity of Q 
(Mean days) 
Total number of 
eggs per female 
(mean) 
Hatcing of eggs 
(Percent) 
Hatching period 
(Mean days) 
3.0 ± 3.16 
32.0 ± 3.76a 
28.4 ± 3.89a 
Temperature 
28«C 
6.4 ± 3.82 
29.8 ± 2.99 
7.6 ± 3.32 
57.2 ± 3.82 
43.8 ± 2.21 
36®C 
5.0 ± 4.11 
24.2 ± 5.61 
5.2 ± 4.76 
40.6 ± 4.14a 
34.4 ± 3.16 
32.4 ± 3.91a 134.0 ± 1.79a 105.6 ± 2.22a 
44.0 93.5 56.0 
8.6 ± 2.32 6.0 ± 4.47 5.2 ± 1.92 
Durationof nymphal instars (mean days) 
1st instar 
2nd instar 
3rd instar 
4th instar 
5th instar 
7.6 ± 2.17 
8.3 ± 3.39 
9.0 ± 3.22 
11.0 ± 2.08 
12.3 ± 3.05 
4.0 ± 5.56 
5.3 ± 3.45 
5.6 ± 5.09 
6.6 ± 4.19 
7.0 ± 1.17 
3.0 ± 2.29 
4.3 ± 2.06 
4.6 ± 3.19 
5.0 ± 3.17 
6.0 ± 3.29 
* = Data based on 5 replicates. 
± = Standard error of the mean. 
Values sharing the same letter are statistically significant 
at 5% level. 
47 
TABLE 6 
THE EFFECT OF TEMPERATURE ON THE BIONOMICS 
OF Clmex hemlpterus AT 95 % RELATIVE HUMIDITY * 
Temperature 
Biological 
Parameters 20°C 28°C 36®C 
Pre-oviposition 30.3 ± 2.18 6.0 ± 1.35 5.0 + 4.18 
period (Mean days) 
Oviposition period 14.3 ± 4.71 30.6 ± 4.12 30.0 ± 3.92 
(Mean days) 
Post-Oviposition 5.0 + 2.82 8.0 ± 5.66 6.6 ± 2.23 
period 
(Mean days) ^ 
Longevity of O 34.3 ± 2.19a 55.0 ± 3.82 52.6 ± 3.11 
(Mean days) 
Longevity of Q 29.6 ± 5.23 44.6 ± 4.15 41.6 ± 3.29 
(Mean days) 
Total number of 26.0 + 5.65a 123.6 ± 6.13a 103.0 ± 5.21a 
eggs per female 
(mean) 
Hatcing of eggs 46.6 90.0 73.3 
(Percent) 
Hatching period 8 . 0 ± 3 . 2 5 6 . 0 ± 2 . 2 9 5.Oil.98 
(Mean days) 
Duration of nymphal instars (mean days) 
1st instar 7.0 ± 2.19 4.3 ± 1.16 3.3 ± 2.70 
2nd instar 8.0 ± 2.83 5.0 ± 2.32 4.0 ± 1.19 
3rd instar 8.3 ± 2.28 5.6 ± 4.33 4.6 ± 3.13 
4th instar 10.6 + 4.17 7.0 ± 2.52 5.0 ± 3.91 
5th instar 12.3 ± 2.55 7.3 ± 3.85 5.6 ± 3.19 
* = Data based on 5 replicates. 
± = Standard error of the mean. 
Values sharing the same letter are statistical ly significant 
at 5% level. 
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POP and OP (Mean days) 
95 40 70 95 40 
Relative humidity + 5% 
POP OP 
Fig. 5 Histogram showing pre-oviposition and 
oviposition periods of C. hemipterus at 
different temperatures and humidities. 
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Fig. 6 Histogram showing longevity of male and 
female C_. hemipterus at different 
temperatures and humidities. 
50 
140 
120 
100 
80 
60 
40 
20 
0 
Number of eggs per female (Mean) 
Temperature C 
40% r.h. d l 70% r.h. • 95% r.h. 
Fig. 7 Effect of different temperatures and 
relative humidities on the ovi-position 
of C. hemipterus. 
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Percent rate of hatching 
Temperature °C 
40% r.h. c m 70% r.h. 96% r.h. 
Fig. 8 Relationship between temperature and 
hatching of eggs of C. hemipterus at 
different relative humidities. 
52 
10 
Incubation Period (Mean days) 
20 
Temperature C 
40% r.h. [ZD 70% r.h. 
36 
96% r.h. 
Fig. 9 Relationship between temperature and 
incubation period of C. hemipterus at 
different relative humidities. 
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12 
Duration of nymphal instars (Mean days) 
MOXf.l^ . 
s 
Nymphal Instars at d i f f e rent temp. 
28°C CZ] 36PC 20°C 
Fig. 10 Duration of various nymphal instars of C. 
hemipterus at different temperatures and 
relative humidities. 
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4.3. PREFERENCE OF COLOURS BY Cimex hemipterous Fabr. 
AT DIFFERENT TEMPERATURES. 
Preference of different colours by the bed-bug, C. 
hemipterous was observed at controlled conditions in the 
laboratory. For this purpose sixty adult bugs including 
males and females were kept in specimen jars, sized 7.5 x 
7.5 cm having folded strips of different coloured papers 
(viz., black, red, blue, green, yellow and white). The 
strips of all the coloured papers were of the same size (1 x 
6 cm) . The jars of bugs were kept at 20, 28 and 36®C. 
The relative humidity was kept constant (70 % ) for each 
temperature. Altogether 300 adults were tested for colour 
preference in 5 replicates at each temperature. The 
observation was recorded after one hour which was sufficient 
for bugs to settle on the colourd paper strips. After this 
interval each paper strip was withdrawn and bugs were 
counted respectively. 
The data are indicated in appendix table 7 and 
comparatively represented in figure 11. The mean numbers of 
bed-bugs attracted to black colour were 21.8 ± 0.91, 19.6 ± 
1.07 and 17.6 ± 1.32 at 20, 28 and 36®C respectively. The 
red strips attracted 16.2 ± 1.73, 15.4 ± 1.61 and 14.0 + 
0.89 at the respective temperatures. The corresponding 
values for blue colour were 13.6 ± 1.19, 12.8 ± 1.39 and 
55 
11.8 ± 1.52. The number of bed-bugs attracted to green 
colour reduced to 6.6 ± 0.42, 9.0 ± 0.62 and 9.6 ± 1.02 
respectively. Attraction of bed-bugs to yellow colour was 
further reduced to 14 ± 0.21, 2.0 ± 0.25 and 3.8 ± 1.03. 
Least number of bed-bugs were found on white paper strips 
and it was only 0.4 + 0.94, 1.2 ± 0.95 and 3.2 ± 0.81 at 
the respective temperatures. Preference of C. hemipterus to 
black, red, blue and green in comparision to white were 
statistically significant, but however, it was not so for 
yellow colour. 
The effect of temperature on the preference of 
various colours tested against hemipterus was 
statistically insignificant except for green colour. (Table 
7) . 
From the above data, it is clear that black colour 
was most favoured by the bed-bugs, which was followed by 
red, blue, green, yellow and white in descending order. The 
pattern of this behaviour is uniformly seen at all 
temperatures. It was only the number of bed-bugs which 
varied on different coloured strips. Further at 36®C, the 
number of bed-bugs on darker colours viz. black, red and 
blue decreased as compared to these at 20®C which attracted 
maximum number of adults. The survery of literature to date 
shows lack of information concerning colour preference by 
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the bed-bugs. However, Abul-Nasr and Erakey (1968) only 
observed that C. lectularius is photonegat ive and sudden 
exposure to bright light resulted in an increase in linear 
velocity. But there are many records on colour preference 
by insects of other orders. Waterhouse (1948) and Hecht 
(1963) showed that house flies preferred darker surfaces 
over the lighter ones. Later on, Khan (1978) established 
that house flies mostly preferred blacl< colour which was 
comparatively followed by blue, yellow and red in descending 
order. But contrary to this, earlier, Awart (1920) 
concluded that the house flies were greatly attracted to 
yellow colours, whereas red and voilet colours were the 
least attractive and blue, green and orange colours occupied 
intermediate status. 
There seems to be a common lilting and disliking of 
colours in bed-bugs and mosquitoes. Both the insects are 
attracted to wards dark colours and least attracted to light 
colours. It is evident from the observations of Brown 
(1955) on mosquitoes and present data on C.hemipterus. 
According to Brown black, blue and red colours are 
attractive to mosquitoes whereas white, yellow and green are 
unattractive to them. Earlier, Jobling (1935) also observed 
that Culex pipiens and C.fatigans were attracted most 
towards dark colours and laid more eggs in the dishes with 
black back- grounds. Gilbert and Gouck (1957) working on 
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colour preference of three species of Aedes mosquitoes, 
found that A.sollicitans preferred black and blue colours 
while A.aeqypti was attracted towards yellow and orange but 
A.taeniorhynchus was mostly attracted to orange and green 
colours. 
On the basis of the present observations on 
C. hemipterus it can be established that bed-bugs have 
adapted to dark habitat i.e. they are strongly 
photonegative in response and so nocturnal in activity. 
Therefore their exposure to strong and bright light or to 
sun's radiation further establishes one of the methods to 
control their population. 
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TABLE 
COLOUR 
Preference of Cimex hemipterus to 
different colours at differnt temperatures* 
Mean number of bed-bugs attracted 
(Percentage in parentheses) 
20°C 
21.8±0.91(36.3)a 
16.2±1.73(27.0)a 
13.6±1.19(22.6)a 
6.6±0.42(11.0)a 
1.4±0.21(2.3) 
0.4±0.94(0.6) 
28®C 36°C 
19.6±1.07(32.6)a 17.6±1.32(29.3)a 
15.4±1.61(25.6)a 14.0±0.89(23.3)a 
12.8±1.39(21.3)a 11.8±1.52(19.6)a 
9.0±0.62(15.0)a 9.6±1.02(16.0)a 
2.0±0.36(3.3) 3.8±1.03(6.0) 
1.2±0.95(2.0) 3.2±0.81(5.3) 
Black 
Red 
Blue 
Green 
Ye] low 
White 
* = Data based on 5 replicates. 
± = Standard error of the mean. 
Values sharing the same letter are statistically significant. 
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25 Bugs attracted to different colours (rican) 
Temperature "C 
Black Red • Blue Green E 3 Yelloir White 
Fig. 11 Preference of various colours by C. 
hemipterus at different temperatures. 
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4.4 SUSCEPTIBILITY OF Cimex hemipterus Fabr. TO VARIOUS 
INSECTICIDES 
Several attempts have been made to find out the 
ways and means to check the infestation of parasites on the 
hosts. Insecticides are one of these, and despite all 
abuses, these toxicants are still employed in large measures 
for the control of harmful insects. Therefore, it was 
decided to evalute the relative toxicity of certain widely 
used Organochlorine, Organophsophate and Carbamate 
insecticides to adults of Cimex hemipterus. 
During the present studies sensitivity of bed-
bugs was determined to technical grades of P',P'-DDT, r BHC 
(Organochlorines) , malathion and dichlorvos 
(organophosphates) and Sevin and propoxur (Carbamates). 
The different concentrations of each insecticide were 
prepared in acetone and were kept uniformly similar by 
serially diluting one percent solution of each insecticide 
in acetone. Ten pairs of two days old adult bed- bugs which 
were fed on previous day, were released in each rearing 
tube. Filter paper strips measuring 5 x 1 cm. were 
separately impregnated with 0.2 ml. of acetone solution of 
each concentration of different insecticides as described by 
Busvine and Nash (1953). These strips were air dried before 
being placed in the tubes. The bugs were exposed to the 
respective impregnated strips for one hour. Then the 
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treated strips were replaced by untreated strips. The 
mortality counts were made after 24 hours following the 
exposure time. In this way a total of 100 bed-bugs in 5 
replicates were tested against each concentration of 
aforesaid insecticides. The probit regression lines were 
plotted on the basis of the percent mortality obtained, as 
fitted by eye. LC50 values were computed from the 
regression lines and the slope of a line was expressed as 
change in probit per ten fold change in dose (Hoskin and 
Gordon, 1956). 
The results of the susceptibility tests of the 
bed- bug, C.hemipterus are summarized in Table 8. Figure 12 
shows comparative toxicity of chlorinated hydrocarbons i.e. 
DDT and r BHC to these bed-bugs. DDT is less effective than 
BHC, as the former gave 100% mortality at a higher 
concentration of 4%. At the lower concentration of 0.25%, 
the mortality was 5% only whereas at the same 
concentration, r BHC recorded 100% mortality. This 
ineffectiveness of DDT at lower concentrations may be 
because of the tolerance in the bed-bugs. 
Figure 13 reveals the comparative toxicity of 
organophosphate insecticides i.e. malathion and dichlorvos 
(DDVP) to bed-bugs. It is clear from the Table 8 that 
mdldthion was less effective than dichlorvos as the former 
62 
yielded 100% mortality at 1% concentration while the later 
gave the same mortality only at 0.25% concentration. At 
this concentration malathion resulted only 65.5% mortality. 
From these findings it can be said that this species of bed-
bug has developed a moderate resistance to malathion. 
Figure 14 expresses the comparative toxicity of 
carbamate insecticides i.e. Sevin and propoxur to 
C. hem ipterus. Table 8 explains that Sevin is less 
effective than propoxur since the former had 100% mortality 
at 1% concentration, but the later had the same at 0.25% 
concentration and at this concentration Sevin yielded only 
51.5% mortality (Table 8). 
However, it is interesting to note that one member 
of each group is more effective. DDVP (OP), T BHC (0 Ch) 
and propoxure (Carbamate) were proved to be most effective 
chemicals against C hemipterus. However, at the lower 
concentration (0.125%) 91.5% mortality was obtained with 
r - BHC, 85.5% with propoxur and 94% with DDVP,, showing 
that DDVP is most effective among all of them. The 
insecticides used in the present studies could be arranged 
on the basis of toxicity as follows : 
DDVP > r BHC > propoxur > malathion > Sevin > DDT. 
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The effectiveness of dichlorvos {an organophosphate) can be 
explained because of the structural similarity of the 
organic phosphorus compounds to acetylcholine. These 
compounds would be expected to be absorbed on the enzyme 
surface in the same way as acetylcholine gets attached to an 
enzyme. 
In order of effectiveness, next is the r BHC. A 
possible explanation of such high toxicity of r BHC could 
be its tendency to increase respiratory metabolism to 
dangerous limits in insects. 
In all the present sets of experiments it was 
found that the females were more susceptible to insecticides 
than the males. This may be because the females being more 
active, they absorb more insecticides. 
From these findings, it may be concluded that this 
strain of C. hemipterus has developed a high resistance to 
DDT and moderate to malathion and Sevin. The strain was 
suceptible to dichlorvos, r BHC and propoxur. Median 
lethal concentrations have also been calculated graphically 
from dosage mortality regression lines and are set out in 
Table 9. 
Figure 12 shows LC^q values for DDT and BHC as 
0.88 and 0.052 respectively, while the same for malathion 
and dichlorovos are 0.15 and 0.04 respectively (Figure 13). 
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From ligure 14 it is available that the LC^q values for 
Sevin and propoxur are 0.2 and 0.058 respectively. The 
aforesaid values also prove that dichlorvos recorded the 
lowest LC^q value, next to it were r BHC and propoxur as 
compared to other insecticides used. 
Development of resistance to DDT is not new in the 
bed- bugs. It was first reported in southern Taiwan by Chen 
et al (1956) . Later on, many workers reported the 
resistance to DDT in different parts of the world. In India 
Sen (1959) reported the development of resistance to DDT 
from West Bengal. Radwan ^ a_l_ (1972) observed in 
C.lectularius, high resistance to DDT, moderate resistance 
to BHC and full susceptibility to malathion and Sevin. In 
the present work however, moderate resistance was found 
against malathion and Sevin and Susceptibility towards BHC, 
malathion was found to be ineffective in C. hemipterus by 
Shetty ^ ajL (1975), while in 1960, Raid found C. hemipterus 
highly susceptible to this insecticide which gave LC^q 
value less than 0.01%. 
In the light of the earlier findings as well as 
the present observations on C.hemipterus the author is of 
the opinion that DDVP, propoxur and BHC may be used for the 
control programmes against Cimex hemipterus. 
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TABLE 9 
VALUES AND SLOPE VALUES OF 
DDT, BHC, MALATHION, DDVP, SEVIN AND PROPOXUR 
for Cimex hemipterus. 
Insecticide Values Slope values 
DDT 0.88 1.64 
BHC 0.052 1.58 
Malathion 0.15 1.30 
DDVP 0.04 1.36 
Sevin 0.2 1.53 
Propoxur 0.058 1.50 
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Fig. 12 Comparative toxicity of chlorinated 
hydrocarbons; P', P'-DDT and r BHC to 
C. hemipterus. 
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Fig. 13 Comparative toxicity of organophosphates; 
malathion and DDVP to C. hemipterus» 
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Fig. 14 Comparative toxicity of carbamates; Sevin 
and propoxur to C. hemipterus. 
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4.b. OBSERVATIONS ON THE EFFECT OF SUBLETHAL CONCENTRATIONS 
OF P',P'-DDT ON THE BIOLOGY OF Clmex hemipterus Fabr, 
Insecticides affect the biological characteristics 
of in.sect population in many ways. There is however, a 
pausity of data on the effect of insecticides on the biology 
of bed-bug, C. hemipterus. Therefore, it was decided to 
evaluate the effects of a coitimonly used organochlorine i.e. 
P•,P'-DDT on the bionomics of bed-bug. 
During the present studies, susceptibility of the 
bed-bug, C.hemipterus to different sublethal concentrations 
(LC) of DDT was estimated as described in the previous 
experiments in order to establish the threshold levels of 
DDT that initiate the decrease in the population of these 
bugs. For this purpose, the bugs from the laboratory stock 
were exposed to LC20' determined from 
the regression line. 
One group of adult bed-bugs (2 days old, which was 
fed on the previous day, was treated with 0.5% (LC20)' 
another group with 1.0% (L C^q) and the third group was 
treated with 2.0% ( L C q q ) DDT. Five pairs of adults (which 
survived the treatment) from each treated group were drawn 
for observations. A parallel stock of control of similar 
age was also maintained. Both exposed and control insects 
were maintained at 28 ± 1°C and 70 ± 5% r.h. with 
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normal feeding schedule. 
The data are summarized in Table 10. The 
comparative observations on pre-oviposition period ( POP ) , 
oviposition period ( O P ) and post ovipos.ition period ( Pt 
OP ) have been represented in Figure 15. The POP of the 
treated bugs was 6.0 ± 0.13, 5.6 ± 0.41 and 6.4 ± 0.52 days. 
Thus, it is clear that the POP was rather unaffected with 
these sublethal concentrations of DDT. 
Oviposition period { OP ) was, however, slightly 
reduced in DDT treated strain as compared to control and 
statistically significant reduction was observed in the 
group of bugs treated with LCso DDT. In the control group 
of those bugs the OP was 29.8 ± 2.32 days whereas, in DDT 
treated groups it was 27.2 ± 2.11 (LC20)' 26.8 ± 1.59 
(LC|3O) and 20.8 ± 2.05 (LCQQ) days (Figure 15). 
The post-oviposition period (Pt OP) was 7.6 ± 0.29 
days in control group and it was 7.0 ± 0.81, 7.0 ± 0.67 and 
6,0 + 0.45 days respectively in groups of the bugs which 
were exposed to LC20' LC^q and LCgo DDT, indicating that the 
Pt OP was also not appreciably affected (Figure 15). 
The longevity of the males of the control insects 
was 57.2 ± 2.82 days, whereas, that of DDT treated groups 
was 52.4 ± 1.65, 51.6 ± 3.17 and 39.2 ± 2.35 days 
respectively for LC20' LCgg and LCQQ (Figure 16). This 
shows d marked reduction in longevity of the males exposed 
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to LCyo DDT which is statistically significant. Similarly, 
the longevity of the females was also reduced statistically 
significantly with respect to LCqq DDT (Figure 16). In 
control group the life span of the females was 43.8 ± 1.55 
days whereas, the corresponding value for the females 
exposed to LCQQ DDT was 33.3 ± 2.76 days. 
The average number of eggs laid by a control 
female was 134.0 ± 2.33. But it is interesting to note that 
the fecundity of treated females enhanced and showed 170.8 ± 
3.12 and 172.5 ± 4.06 eggs by the females treated with LC20 
and LCt3Q respectively. However, at LCqq of DDT only 
102.0 ± 3.25 eggs were deposited by a single female (Figure 
17). This increase {LC2Q and LC^Q) and decrease ( LCQQ) in 
fecundity is statistically significant. 
As regards the hatching of the eggs, it was almost 
unaffected in the treated insects as compared to their 
control (Figure 17). The percentage of hatching was 93.5, 
91.5, 93.3 and 91.5 respectively in control, LC2Q/ LC^Q and 
Lcqq groups. 
Similarly, there was no appreciable change in the 
hatching period (incubation period) of the eggs laid by the 
treated groups as compared to the eggs of the control group. 
The eggs of the control females recorded the incubation 
period as 6.0 ± 1.18 days, whereas in those of DDT - treated 
strains the values were 6.3 ± 0.13, 6.6 + 1.35 and 6.6 ± 
73 
1.06 days respectively for LC20 -
The duration of the nymphal instars of the young ones 
hatched from the eggs of treated females with different 
concentrations of DDT and those of control females were also 
observed. The duration of the first nymphal instar was 4.0 
± 1.26, 4.3 + 0.24, 4.0 ± 0.19 and 4.3 ± 0.12 days for the 
control, LC2Q, LC5Q and LCqq groups, respectively. This 
indicates that nymphal duration in Fj^  generation was 
unaffected after DDT treatment. Similarly the durations of 
2nd, 3rd, 4th and 5th instars did not show any marked 
difference as compared to their control. 
It may be concluded that the biotic potential of 
C. hemipterus did not appreciably change following the 
exposure of the adults to the lower concentrations {LC2Q and 
LC^Q) of DDT. However, effect of stronger concentration of 
DDT (LCQQ) was pronounced in oviposition period, longevity 
of both the sexes and fecundity of the females. It is 
further noted that oviposition was stimulated by the 
sublethal concentrations of DDT (LC20 and LC^q)• the 
contrary, Radwan et al (1972) found that oviposition was 
reduced due to sublethal concentration of DDT in 
C.hemipterus. The present data on C. hemipterus, however, 
establishes that the egg production is reduced only by 
exposure to higher concentration of D D T ( L C Q Q ) . Tielecke 
(1977) found that oviposition in these bed-bugs could be 
stimulated with r BHC at lower doses. 
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Fig. 15 Histogram showing the pre-oviposition and 
oviposition periods of control and 
treated bed-bugs. 
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' • 'f 
Longevity of Male and Female (Mean days) 
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Different Groups 
LC-80 
Longevity of Male Longevity of Female 
Fig. 16 Histogram showing the longevity of 
control and treated adult C. hemipterus. 
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Fecundity Fertility 
Fig. 17 Effect of sublethal concentrations of DDT 
on the fecundity and fertility of C. 
hemipterus• 
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Duration of nymphal Instars (Mean days) 
Control LC-20 LC-50 
Different Strains 
LC-80 
1st 2nd 3rd 4th ^ 6th 
Fig. 18 Duration of various nymphal instars of 
C,. hemipterus exposed to different 
sublethal concentrations of DDT. 
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4.6. RESIDUAL EFFECTS OF SUB LETHAL CONCENTRATIONS OF T BHC 
AND MALATHION IN Cimex hemipterus FABR. 
The residual insecticides offer a convenient and 
effective method of controlling insects. Many researchers 
have studied this phenomenon in house fly, fruit fly and in 
many other insects but study on bed-bug is very meagre. 
Therefore, experiments were conducted to determine whether 
the organochlorine (r BHC) and organophosphate (malathion) 
insecticides could cause latent toxicity in bed-bug, Cimex 
hemipterus. 
For this purpose, 1 day old 3rd instar nymphs 
which were fed on the previous day were taken from the 
stock reared in the laboratory. These nymphs were treated 
with 0.062% r BHC and 0.125% malathion by paper impregnated 
method as described before. These particular concentrations 
of both the insecticides were chosen because of being LC^q 
doses (assessed by the author during the susceptibility 
tests of different insecticides on the bed-bug). The filter 
paper strips, 5 x 1 cm in size were impregnated with 0.2 ml 
of acetone solutions of insecticides. The strips were air 
dried and then placed in the specimen tubes. 20 nymphs were 
released in such tubes. After one hour the treated strips 
were replaced by untreated fresh strips. The mortality 
counts were made after 24 hours of the treatment. A total 
of 200 nymphs were treated in ten replicates for each 
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insecticide. The survivors were maintained further at 28 ± 
1°C and 70 ± 5% r.h. with normal feeding schedule to develop 
into adult stage. 
The adult bed-bugs were observed for 30 days from 
the day of their emergence in order to find out whether 
these two insecticides menifest any residual effect. 
Untreated 3rd instar nymphs of the same age were also 
maintained for control. A total of 60 adult bed-bugs in 3 
replicates were studied for each concentration of 
insecticide. In this regard preliminary observations have 
been recorded in Table 11. The percent mortality of 3rd 
instar nymphs after r BHC technical treatment was 51.5% 
whereas, after exposure to 0.125% malathion was 49.0%. 
In the adult stage also more deaths occured with 
respect to each insecticide concentration as compared to 
the control (Table 12). Further, it was observed that 19 
adult bugs out of r BHC treated nymphs died within 6 days of 
their emergence, while there was no mortality in adults 
which developed from malathion treated nymphs. 
A comparative mortality and latent toxicity can be 
assessed in Figure 19. It shows that r BHC even in half 
concentration (0.062%) as compared to that of malathion 
(0.125%) is more toxic both in the nymphal stages as well as 
it can cause death to adults and the mortality percentage is 
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dbouL 31.6% among the later. 
The term latent toxicity is proposed for the 
condition in which the immature stages are treated with 
insecticides but toxic effect does not fully menifest itself 
until after the immature treated insects become adults. 
Sanchez and Sherman (1966) suggested that this phenomenon, 
if occurs, is manifested within 3 days after emergence of 
the adults. In the present study, however, r BHC exhibited 
latent toxicity within 6 days after the emergence of the 
adults. No latent toxicity to this insect was exhibited by 
maJathion. Serman (1958) evaluated various insecticides to 
determine the latent toxicity in mediterranean fruit-fly and 
melon-fly and found that latent toxicity was shown by 
aldrin, chlordane, dieldrin, endriji and isodrin but 
malathion evidenced no such toxicity. The present data on 
C. hemipterus with regard to the latent toxicity of 
malathion is in agreement with earlier observation of 
Sherman and Sanghez (1964) in resistant and suceptible 
strains of house-fly. Sanchez and Sherman (1966) suggested 
that the latent toxicity of DDT in house-fly was due to the 
carry-over of sufficient amounts of unchanged DDT from 
larval to the adult stage. This may be true in the present 
study also, where latent toxicity was exhibited by r BHC in 
C. hemipterus. Thus the phenomenon of latent toxicity is 
dependent on the chemical structure of the insecticide which 
does not change for a very long time in the insect body. 
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TABLE 11 
THE EFFECT OF T BHC AND MALATHION ON 
THE MORTALITY OF 3RD INSTAR NYMPHS OF 
Cimex hemipterus FABR. 
Insecticide Total Number Total number of Percentage 
Concentration nymphs treated nymphs dead Mortality 
(3rd instar) 
r BHC, 0.062% 200 103 51.5 
Malathion, 0.125% 200 98 49.0 
Control 200 3 1.5 
* = Total number of nymphs were treated in 10 replicates. 
TABLE 12 
THE LATENT TOXICITY OF F BHC AND MALATHION 
IN THE ADULTS OF C.hemipterus FABR. 
Types Total Number 
of 
adults ^ 
observed 
Total Number 
of 
adults 
dead 
Percentage 
mortality 
r BHC treated 
(0.062%) 
60 19 31.6 
Malathion treated 60 
(0.125%) 
0 0.0 
Control 60 0 0.0 
* = Number of adults was observed in 3 replicates. 
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Fig. 19 A histogram showing comparative latent 
toxicity of r BHC and malathion in C. 
hewipterus. 
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4.7 THE EFFECT OF CERTAIN CHEMOSTERILANTS ON THE 
REPRODUCTIVE POTENTIAL OF Cimex hemipterus FABR. 
Since 1960, interest on the potential role of 
chemosterilants as practical insect control agents has 
increased rapidly. Exhaustive studies on the metabolic fate 
of chemosterilants are known in house fly, fruit fly and 
other insects. But on C. hemipterus the information is 
meagre. It was, therefore, considered desirable to study 
the effect of metepa and apholate as representatives of 
chemosterilants (alkylating agents) on the reproductive 
biology of the bed-bug. 
During these observations, newly emerged adults 
(24 hours old) were exposed to the impregnated filter paper 
strips of concentrations ranging from 0.0078% to 0.0125% of 
each chemosterilant. The desired concentrations were 
prepared in ethanol. Filter paper strips measulng 5x 1 cm. 
wore impregnated with 0.2 ml. solution of different 
concentrations of each chemosterilant. These strips were air 
dried and the one strip of particular concentration was 
plcicod into each specimen tube. Ten pairs of bugs were then 
introduced into each tube for an hour. Thereafter, the 
bugs were transferred to another fresh and clean specimen 
tube having a fresh untreated filter paper strip. Single 
pair reciprocal crosses were made between normal females and 
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treated males; treated females and normal males and treated 
females and treated males. Normal females and normal males 
were also crossed to serve as controls. All members exposed 
to nhemosterilants or unexposed (normal) belonged to the 
same laboratory stock and similar age. Five replicates of 
single pair crosses wore made for each set. All these bugs 
were maintained at 28 ± 1°C and 70 ± 5% r.h. with normal 
feed. 
The data from similar sets were pooled and 
Gtatistically analysed. The effect of apholate and metapa on 
fecundity as measured by the number of eggs laid by a female 
was determined. The data presented in Tables 13 and 14 
clearly indicate that the fecundity was retarded 
considerably (Statistically significant) with both the 
chemosterilants used irrespective of the sex treated (Figure 
20) . However, treated females produced lesser number of 
eggs than those obtained from normal females which mated 
with treated males. The decrease in fecundity was 
observed to be directly proportional to the concentration of 
the chemosterilant. Moreover, apholate was proved to be 
slightly superior in decreasing the fecundity. The number 
of eggs deposited by a single female was 33.0 ± 1.82 in case 
of apholate and 56.4 ± 2.50 in case of metepa when both the 
sexes were treated with 0.0312% of chemosterilants as 
compared to the control (152.4 ± 3.78). When the 
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concentration of metepa was raised to 0.125%. A single 
female deposited only 18.6 ± 1.72 eggs when both the 
partners were treated. At the same concentration (0.125%) 
complete inhibition of oviposition was obtained by apholate 
in all the three types of reciprocal crosses. The complete 
inhibition of oviposition by metepa was obtained when its 
concentration was further raised to 0.25%. Adhami and Khan 
(1975) also reported that oviposition was severely affected 
when the females of c hemipterus were subjected to hempa 
treatment. Raghuwanshi ej^  ^ (1968) observed marked 
reduction in the number of eggs when the females of 
C.fatiqans were treated with apholate, tepa and metepa. 
SimiJar results were obtained by Khan (1974) who observed 
high reduction in fecundity, when the females of Culex P. 
fatiqans were treated with thiotepa, metepa and hempa. 
The exact nature of decrease in fecundity is not 
clearly known, but as suggested by Borkovec (1968) it may be 
due to the direct effects of dominant lethals or may be 
influenced indirectly by harmonal and nutritional factos. 
Observations on hatching of the eggs laid by each 
female of each set was also recorded. Corrected sterility 
was calculated in each case by the following formula 
(Chamberlain, 1962). 
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% hatch in % hatch in 
Corrected control x treated group 
Sterility = x 100 
% hatch in control 
The data on the reproductive potential of 
C.hemipterus are consolidated in Tables 13 and 14. It is 
evident that both the chemosterilants i.e. apholate and 
metepa are capable of reducing fertility of (Figure - 21) 
C. hem ipterus also. This reduction in fertility was 
statistically significant. However, apholate seems to be 
more promising even at a lower concentraion of 0.03125% and 
it caused 87.9% sterility when both the sexes were exposed 
to this concentration. Whereas, at this concentration of 
metepa only 42.2% sterility was obtained when both the sexes 
were treated. Apholate at 0.062% completely (100%) 
sterilized the eggs when either the males or both the 
partners were treated in the cross (Table 13, Figure 22). 
Metepa caused 100% sterility at a concentration of 0.125% 
when both the sexes were treated. The sterility effects of 
apholate and metepa were found to be enhanced when both the 
partners were treated irrespective of the concentration. 
However, percent sterility obtained from these crosses did 
not differ much from the percent sterility when only males 
were treated. This shows that induction of sterility 
through the males is more effective than through the 
females. it is also clear that the mode of action of the 
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chemosterilants differs in the males and the females. 
However, in most cases, it has been observed that the males 
are more prone to develop sterility than the females. 
Adhami and Khan (1975) also reported that the males of Cimex 
hemipterus were more prone in producing sterility when 
treated with hempa. Susceptibility of the males to 
chemosterilants has also been reported in the little house-
fly Fannia cannicularis {Davis and Eddy, 1966); in Musca 
domestica {LaBrecque e_t al 1966) ; in boll weevils (Hynes et_ 
al, 1966) and in Dacus cucurbitae (Adhami, 1977). Rai 
(1964) suggested that sterility in Aedes aegypti could be 
due to the induction of gross chromosomal aberrations in 
the sperms and ova. The same may be true in the present 
case for the resulting sterility in the males. However, in 
certain species of insects the females have been found to be 
more susceptible than the males. Glancey (1965) observed 
that hempa was more active in producing sterility in the 
females of Aedes aegypti by direct exposure. Similar 
results were obtained by Grover and Pillai (1969), who 
observed that hempa and hemel enhanced the degree of 
sterility when the females were given the treatment. 
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Fig. 20 Effect of apholate and metepa on the 
fecundity of C. hemipterus. 
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Fig. 21 Effect of apholate and metepa on the 
fertility of C. hemipterus• 
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Fig. 22 Comparative representation of sterility 
in C. hemipterus caused by apholate and 
metepa. 
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SUMMARY 
The present thesis contains data on the life hist-
ory and reproductive potential of Cimex hemipterus Fabr. -
the common Indian bed-bug in relation to various parameters 
such as temperature, humidity, starvation, feeding frequen-
cy, colour preference, exposure to certain insecticides 
(DDT, BHC, malathion, DDVP, Sevin and propoxure) and the 
chemosterilants (aphalate and metepa). 
The bed-bugs were bred at 28 + 1°C and 70 ± 5% 
r.h. in the laboratory and fed on rabbit's blood. Adults 
were given blood meal every third day whereas nymphs on 
alternate days. The salient results and conclusions are 
summarised below : 
1. The adults were found to be more susceptible to 
starvation than nymphs. The 4th instar nymphs 
were more tolerant to starvation than others 
whereas 1st nymphal instar was least tolerant to 
starvation. Unfed males lived longer than unfed 
females. Nymphs did not moult and females did not 
lay any egg without getting a blood meal. 
2. Pre-oviposition period was increased with the 
enhancement of feeding interval. Oviposition and 
post-oviposition periods were shortened when the 
feeding interval was increased. Average number of 
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eggs laid by a single female was also decreased if 
the feeding interval was increased. 
The pre-oviposition period was increased at lower 
temperature irrespective of the relative humidity. 
Whereas oviposition and post oviposition periods 
were shortened at the same conditions. 
The longevity of the males and the females was 
greatly reduced at low temperature with 10% 
relative humidity. Both the males and the females 
could not survive at 36°C with 10% relative 
humidity. 
However, the males had longer life span as 
compared to the females at all temperatures and 
relative humidity. 
High humidity (70 or 95% r.h.) and a temperature 
of 28 ± 1°C are the optimum conditions for 
oviposition and hatching of the eggs. 
Either high temperature {36°C) or low temperature 
(20°C) or low humidity (40%) decreases both 
fecundity and fertility. 
Incubation period was lengthened at low 
temperature and shortened at high temperature. No 
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hatching was recorded at 10% relative humidity 
irrespective of the temperature. 
9. Nymphal duration was increased at low temperature 
irrespective of humidity. 
10. Black colour was most favoured by these bed-bugs. 
It was followed by red, blue, green, yellow and 
white in successive order. 
11. Interestingly the preference to dark colours viz. 
Black red, and blue was comparatively more at 
20°C. Whereas towards light colours viz green, 
yellow and white it was more at 36®C. 
12. r BHC was more toxic to C_. hemipterus in 
comparision to DDT. 
13. Among the organophsphate compounds DDVP was more 
toxic as compared to malathion to these bugs. 
14. Between the two representatives of carbamate group 
propoxur yielded more toxicity to these bed-
bugs in comparision to Sevin. 
Among the six insecticides viz. DDT, BHC, 
malathion, DDVP, Sevin and propoxure, DDVP was 
highly toxic and DDT had the weakest effect. 
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16. Pre-oviposition period was not affected when these 
bed-bugs were treated with DDT. 
17. Oviposition period was significantly reduced when 
DDT was used as LCqq. 
18. Post-oviposition period was slightly reduced in 
DDT-treated groups. 
19. Marked reduction in the longevity of the males and 
the females was recorded in the group treated with 
DDT at LCqq dose. At LC20 and LC5Q the bed bugs 
showed slight reduction in longevity. 
20. Oviposition period was increased in the females 
treated with LC20 and levels of DDT. It was 
reduced when the DDT was given at L C q q level. 
21. Hatching period and the percentage of hatching of 
the eggs were unaffected both in normal and DDT-
treated groups. 
22. No significant change was observed in nymphal 
duration of normal and DDT-treated groups. 
23. When the 3rd instar nymphs of C.hemipterus were 
treated with r BHC the adults suffered from latent 
toxicity. 
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24. This delayed toxicity of r BHC up to adult stage 
was found to be 31.6%. 
25. But malathion did not menifest any delayed lethal 
effect in adult stage. 
26. Apholate was more effective than metepa in 
producing sterility in these bed-bugs. 
27. Apholate even at a lower concentration of 0.062% 
caused 100% sterility whereas, metepa at this 
concentration yielded only 65.61% sterility. 
28. Generally, the males reacted more to both the 
chemosterilants than the females. 
29. But the females treated with these chemicals 
produced high hatchability with low oviposition. 
30. Sterility enhanced and oviposition further 
decreased when both the sexes were exposed to 
apholate and metepa. 
31. The above mentioned salient observations on Cimex 
hemipterus provide more knowledge about their 
biology and at the same time the present data on 
this species provide insight for their rational 
control. 
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